and two large peripheral cannulae were inserted and Haemaccel and Hartmann's solution were administered. She continued to bleed. Neither husband nor patient would consent to the use of blood products and it was decided that her best hope for survival was for the surgeon to perform a total abdominal hysterectomy.
After pre-oxygenation, anaesthesia was induced with fentanyl 0.1 mg and thiopentone 150 mg. Cricoid pressure was employed and suxamethonium used to facilitate rapid tracheal intubation. Anaesthesia was maintained with vecuronium, fentanyl and enflurane in 100% oxygen. Surgical findings were a large wound haematoma and a persistent ooze from the uterine wound which had produced a large peritoneal collection. Bleeding was initially controlled by aortic compression. A total abdominal hysterectomy was performed and good haemostatis obtained. Intra-operative blood loss was estimated at 4000 ml, most of which came from the peritoneal collection. A systolic blood pressure of 90 to 120 mmHg was maintained by administration of 3000 ml of Haemaccel and 5000 ml ofHartmann's solution.
Her immediate postoperative haemoglobin was 21 g.l-1 and in order to optimise oxygen supplydemand relationships she was sedated with morphine and midazolam, paralysed with vercuronium and ventilated with 100% oxygen and 7 cm of PEEP. A Swan-Ganz catheter showed an initial cardiac output of 7.4 l.min -1 which spontaneously rose to 11 !.min -1 with a SVR of 450 dyn.s.cm -5. A total of seventeen litres of fluid was given during the first twelve hours, approximately half Haemaccel and the rest various electrolyte solutions and dextran 70. Her average urine output during the first twelve hours was 240 m!.h -1. Aminocaproic acid and desmopressin were given, but the wound oozed a further 500 ml of blood during the first 24 hours and her haemoglobin fell to 14 g.l-1 with a haematocrit of 3.7%. At this time the oxygen carrying capacity was only 35.8 ml.l-1. Platelets fell to 79 X 10 9 .1-1 and fibrinogen to 0.4 g.l-1, but the coagulopathy improved and by day two all bleeding had stopped. Apart from some ST depression when tachycardic and hypotensive (mean BP < 45 mmHg) there was no evidence of tissue ischaemia. Her pulmonary capillary wedge pressure remained normal and the base excess progressively improved from a lowest value of -8. An iron-dextran infusion was started to optimise haemoglobin production and her serum iron rose to 236 micromoles .1-1. Normotension was maintained throughout the postoperative period by a low-dose noradrenaline infusion to maintain a mean BP of > 60 mmHg, while closely following her SVR. At no time was her cardiac output impaired by the noradrenaline.
On the second postoperative day there was an increase in airway pressures and the chest X-ray showed mild pulmonary oedema. Respiratory function, however, remained good with adequate blood gases and a high P a o 2 (480-636 mmHg). Her serum albumin and total protein fell to 8 g.l-1 and 27 g.l-l respectively. She became peripherally oedematous and regular frusemide was started. Renal function remained normal with an average urine output of 220 ml.h -1 in the first four days and the oedema was rapidly cleared.
The mean cardiac output over the first three days was 9.98 l.min -I (SD 1.61). A series of mixed venous and arterial samples were taken to determine oxygen consumption. During this period mean mixed venous P02 was 46.6 mmHg (SD 2.8) and mixed venous saturation was 76.8% (SD 3.9). The mean oxygen carrying capacity was 35.8 ml.l-I (SD 1.81) and 19.17 ml (SD 2.49) of oxygen was extracted from each litre of blood. The high cardiac output enabled an oxygen consumption of 190 ml per minute to be maintained. The Swan-. Ganz catheter was removed on day three.
Total parenteral nutrition (TPN) was started on day three. She also became febrile and developed a white cell count of 52 X 10 9 .1-I. A chest infection was suspected. Initial empiric antibiotic therapy with ceftazidine, vancomycin and metronidazole was started; however, all cultures were negative at 72 hours and the antibiotics ceased. Her haemoglobin began to rise on day four. The vecuronium was stopped after two days, but ventilation and sedaton were continued. The Fj02 was 1.0 for three days and gradually reduced to 0.65 by day seven. She developed a staphylococcal chest infection on day ten which was successfully treated with flucloxacillin. After a three-day period of weaning she was extubated on day fourteen and transferred to the ward. She was discharged from the hospital 25 days after her initial operation with a haemoglobin of 81 g.1-I. There were no major postoperative sequelae.
DISCUSSION
The management of severe acute anaemia in a lehovah's Witness has been discussed by others, 1·4 but no case has been reported where the patient survived with a haemoglobin of 14 g.l-I. To our knowledge the previous lowest recorded haemoglobin in which the patient survived 1 was 18 g.1-I. It was felt that the bleeding problem was a combination of factors including surgical
., haemorrhage, fibrinolysis secondary to a placental abruption and a dilutional coagulopathy. A 'cell saver' would have prevented such a severe fall in haemoglobin concentration, but was not available at this hospital.
The use of a Swan-Ganz catheter in a patient with an abnormal coagulation profile was carefully considered, but since this patient was on the very limits of physiological possibility, it was deemed worthwhile. The internal jugular vein was used instead of the subclavian vein to allow pressure to be applied should haemorrhage occur. The Swan-Ganz catheter allowed close monitoring of her haemodynamic status and oxygen consumption and thus enabled fine tuning of her cardiovascular system. In particular it allowed us to titrate the noradrenaline infusion against SVR to prevent myocardial ischaemia and gave us an overall picture of oxygen supply-demand by mixed venous oxygen saturation measurements. Continual ST segment analysis was a vital component of the monitoring of this patient.
The critical determinants of normal oxygen delivery are haemoglobin content [Hb], oxygen saturation and cardiac output. By the second postoperative day her haemoglobin could carry 18.76 ml O 2 .1-1 and the only method of increasing oxygen supply was by increasing dissolved oxygen and cardiac output (Figure 1 ). An Fj02 of 1.0 was maintained for three days and allowed high P a02 levels to be achieved. Increased cardiac output was critically important, despite the risks of myocardial ischaemia. In this patient some transient ST segment changes were noted, associated with hypotension, a low SVR and tachycardia, though there was no increase in her pulmonary capillary wedge pressure. This responded to an increase in the noradrenaline infusion. Without a cardiac output of ten litres and a P a02 of 500 mmHg it is unlikely she would have survived. Low viscosity secondary to an extremely low haematocrit probably contributed to the high cardiac output. Haemaccel, crystalloid solutions and dextran-70 were used to maintain normovolaemia since plasma and albumin solutions were unacceptable to the patient. The use of crystalloid or colloid in acute hypovolaemia remains an area of much debate with some authors favouring crystalloid and others colloid. 5 -7 The combination of crystalloid and colloid used was based on the clinical condition of the patient at the time. Serum albumin fell to 8 g.l-I and contributed towards the development of pulmonary and peripheral oedema (Figure 2 ). The pulmonary oedema was treated with ventilation, PEEP and frusemide.
Reduced oxygen consumption can be achieved by surface cooling, muscle paralysis, controlled ventilation and barbiturate infusions. We employed surface cooling to maintain normothermia, heavy sedation, muscle paralysis and IPPV. During the first three days the average oxygen consumption was 190 ml.min -I with a mean mixed venous saturation of 76.8% (SO 3.9) indicating that oxygen supply was adequate.
Optimising the conditions for new red cell production requires the provision of adequate substrates including iron, nutrition and adequate marrow oxygenation. We utilised TPN, converting to enteral feeds when possible, and an iron-dextran infusion as recommended by Dudrick. 8 Under this regimen the Hb rose by 3.2 g.l-I.day -lover the first two weeks. We considered the use of recombinant human erythropoietin, but though it has been slow to enhance erythopoiesis in postoperative baboons undergoing laparotomy and exchange transfusion,9 its value in humans with massive haemorrhage is uncertain. 10 The mean rate of rise of haematocrit over the first two weeks was 0.0 I.day -I. This figure compares favourably with a similar Jehovah's witness patient who bled to a haemoglobin of 47 g.l-I and was given erythropoietin. 10 We conclude that optimising oxygen delivery to the periphery without compromising the myocardium can best be achieved by insertion of a Swan-Ganz catheter and continual ST segment analysis. This is useful in patients with critically low haemoglobin levels since it allows inotropes to be titrated, oxygen-supply demand to be monitored and myocardial impairment to be detected early.
